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LXXIV .  Second Letter to Prof. Faraday, from ROBERT 
Hanr ,  M.D., Professor of Chemistry in the University of 
Pennsylvania% 
MY DEaR SIR, 
39 t. l N the month of July last I had the pleasure to read, in 
-" the American Journal of" Science, your letter in reply 
to one which I had addressed to you through the same chan- 
nel. I should sooner have noticed this letter, but that mean- 
while I have had to republish two of' my text books, and, 
besides, could not command, until lately, a complete copy 
of all those numbers of your researches to which you have 
referred. 
40. The tenor of the language with which your letter com- 
mences, realizes tile hope which I cherished, that my stric- 
tures would call fbrth an amicable reply. Under these cir- 
cumstances, it wonld grieve me that you should consider any 
part of my language as charging you with inconsistency or 
self-contradiction, as if it could be my object to put you in 
the wrong, further than naight be necessary to establish my 
conception of the truth. Certainly it has heen my wish never 
to go beyond the sentiment "amicus Plato, sed magis arnica 
veritas." I attach high importance to the facts established by 
your "Researches," which can only be appreciated sufficiently 
by those who have experienced the labour, corporeal and 
mental, which experimental investigations require. I am, 
moreover, gratefifl for the disposition to do me justice, mani- 
fested in those researches; yet it may not always be possible 
tbr me to display the del~rence, which I nevertheless entertain. 
I am aware that when, in a discussion, which clue attention to 
brevity must render unceremonious, diversities of opinion are 
exhibited, much magnanimity is requisite in the party whose 
opinions are assailed; but I trust that both of us have truth 
in view above all other objects, and that so much of your new 
doctrine as tends to promote that end, will not be invalidated 
by a criticism, which, though free, is intended to be perfectly 
thir. 
,~1. In paragraph 11 your language is as fol lows'- -"  My 
/heo~ 9 of induclio~ makes uo assertion as to the nature of elec- 
* Communicated by theAuthor. 
sr As originally printed for the American Journal of Science, the para- 
graphs of my first letter to Prof. Faraday were not numbered; ut as 
tmmbers were attached to the paragraphs in the republication f it in the 
London and Edinburgh Philosophical Magazine and Journal [_vol. xvii. 
p. 44], I have directed them to be attached to this, my second letter, in 
due succession. 
Phil. May. S. 5. Vol. 18. 'No. 119. Jt~ne 184,1. 2 H 
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466 Dr. Hare's Second Letter to Prof. Faraday. 
tricit~], nor at all questions any of the theories resfiecting hat 
subject." 
¢2. Owing to this avowed omission to state your ()pinions 
as to the nature of electricity, as preliminary to the statement 
of your "theory," and because I was unable to reconcile that 
theory with those previously accredited, I received the impres- 
sion that you claimed no aid from any imponderable principle. 
It appeared to me that there was no room for the agency of 
any such principle, if induction were an action of" contiguous 
ponderable particles consisting of a species of polaritg. It 
seemed to f llow that what we call electricity, could be no- 
thing more than a polarity in the ponderable particles, directly 
caused by those mechanical, or chemical frictions, movements 
or reactions, by which ponderable bodies are electrified. You 
have correctly inferred that I had not seen the fourteenth 
series of your researches, containing certain paragraphs ($8). 
From them it appears that the polarity, on which so much 
stress has been ]aid, is analogous to that which has long .been 
known to arise in a ponderable body, about which the electric 
equilibrium has been subverted by the inductive influence of 
the electricity accumulated upon another such body. This is 
clearly explained in paragraph ¢ of your letter, by the illus- 
tration, agreeably to which three bodies, A, B, C, are situ- 
ated in a line, in the order in which they are named, in prox- 
imity, but not in contact. "A  is electrified positively, and 
then C is uninsu]ated." It is evident hat you are correct in 
representing that, under these circumstances, the extremities of 
B will be oppositely excited, so as to have a reaction with any 
similarly excited body, analogous to that which takes place 
between magnets; since the similarly excited extremities of 
two such bodies would repel each other, while those dissimi- 
larly excited would be reciprocally attractive. Hence, no 
doubt, the word polarity is conceived by you to convey an 
idea of the state of'the body B. If I may be allowed to pro- 
pose an epithet o convey the idea which I have of the state 
of a body thus electrified, I would designate it as an electro- 
polar state, or as a state of electro-polarity. 
¢s. It does not appear to me, that in the suggestion of the 
electro-polarity, which we both conceive to be induced upon 
the body B (¢), so long as it concerns a mass of ponderable 
matter, there is any novelty. The only part of your doctrine 
which is new, is that which suggests an analogous tate to be 
caused in the particles of the bodies through which the induct- 
ive power is propagated. Admitting each of the particles of 
a dielectric, through which the process of ordinary induction 
takes place, to be put into the state of the body B, it does not 
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Dr. Hare's Second Letter to Prof. Faraday. 467 
appear to me to justify your definition of electrical induction. 
I think that, consistently with your own exemplification of
that process, you should have alleged ordinary induction to 
be productive of an ajfection of particles, causing in them a 
species of polarity. In the case of the bodies A, B, C (4), 
B is evidently passive. How then can we consider as active, 
particles represented to be in an analogous tate? If in B 
there is no action, how can there be any action in particles 
performing a perfectly similar part? Moreover, how can the 
inductive power of an electrical accumulation upon A consist 
of the polarity which it induces in B ? 
44. Having supposed (8) an electrified ball, A, an inch in 
diameter, to be situated within a thin metallic sphere, C, of a 
foot in diameter, you suggest, that where one thousand con- 
centric metallic spheres interpose between A and the inner 
surface of C, the electro-polar state of each particle in those 
spheres would be analogous to that of B, already mentioned. 
Of course, if there be any action of those particles, there must 
be an action of B; but this appears to me not only irrecon- 
cilable with any previously existing theory, but also with your 
own exposition of the process by which B is polarized. 
45. Supposing concentric metallic hemispheres to be inter- 
posed only upon one side of A, you aver that, agreeably to 
your experience, more of the inductive influence would be 
extended towards that side of the containing shell than before 
(14). Admitting this, I cannot concede that the greater in- 
fluence of the induction, resulting from the presence of the 
metallic particles, is the consequence of any action of theirs, 
whether in contiguity or in proximity. Agreeably to my view, 
tile action is confined to the electrical accumulation in the 
sphere A. Between the electricity accumulated in this sphere, 
and that existing in or about he intervening ponderable parti- 
cles, there may be a reaction ; but evidently these particles are 
as inactive as are the steps of a ladder in the scaling of a wall. 
46. Suppose a powerful magnet o be so curved as to have 
the terminating polar surfaces parallel, and to leave between 
them an interval of some inches. Place between these sur- 
faces a number of short pieces of soft iron wire. These would, 
of course, he magnetized, and would arrange themselves in
rows, the north and south poles becoming contiguous. Would 
this be a sufficient reason for saying that the inductive influ- 
ence of the magnetic poles was an action of the contiguous 
wires? Would not the phmnomena be the consequence of
an q~Fection ofthe contiguous pieces of wire, not of their action? 
47. As respects the word charge, I am not aware that I 
have been in the habit of attaching any erroneous meaning to 
2H2 
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468 Dr. Hate's Second Letter to Prof. Far~day. 
it, as your efforts to define it in paragraph $ would imply. I 
have been accustomed to restrict he use of it to tile ease which 
you distinguish as an inductive charge, !llustrated by that of 
the Leyden jar. To  designate the states of the conductors of 
a machine, I have almost always employed the words e~rcited 
or excitement. In my text book these words are used to 
designate the state of glass or resin electrified by friction, while 
that of coated surfaces, whether panes or jars, inductively 
electrified, has been designated by the words charge or chatted. 
4.8. I understood the word contiguous to imply contact, or 
contiguity, whereas it seems that it was intended by you to
convey the idea of proximity. In the last-mentioned sense it 
is not inconsistent with the idea of an action, at the distance 
of half an inch : but by admitting the word contiguous to be 
ill chosen, you have with great eandour furnished me with an 
apology for having mistaken your meaning. 
4.9. Any inductive action which does not exist at sensible 
distances (20) you attribute to ordinaT~y induction, considering 
the ease of induction through a vacuum as an e:araordina~ 
ease of induction. To me it appears that the induction must 
be the same in both eases, and that the circumstances under 
which it acts are those which may be considered in the one 
ease as ordina~, in the other extraordinary. Thus take the 
ease cited in your reply (8, 9, 10). Does the interposition of 
the spheres alter the character of' the inductive power in the 
sphere A ? 
50. Either the force exercised by the charge in A is llke 
that of gravitation, altogether independent of the influence of 
intervening bodies, or, like that of light, is dependent on the 
agency of an intervening matter. Agreeably to one doctrine, 
the matter, by means of which luminous bodies act, operates 
by its transmission fi'om the luminous urface to that illumined ; 
agreeably to another doctrine, the illuminating matter operates 
by its undulations. If the inductive power of electrified bodies 
be not analogous to gravitation, it must be analogous to the 
power by which light is produced, so f~ar as to be dependent 
oll intervening matter. But were it to resemble gravitation, 
like that force it would be uninfluenced by intervening matter. 
I f  your experiments prove that electrical induction is liable to 
be modified by intervening matter~ it is demonstrated that in 
its mode of operating it is analogous to light, not to gravita- 
tion. It is then proved that, agreeably to your doctrine, 
electrical induction requires the intervention of matter; but 
you admit that it acts across a vacuum, and, of course, acts 
without the presence of ponderable matter. Yet it requires 
interveqillg matter of some kind, and since that matter is not 
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Dr. Hare's &,cond Letter to Prof. Faraday. ¢69 
ponderable, it must of necessity be imponderable. When 
light is coxnmunicated fi'om a luminous body in the centre of 
an exhausted sphere, agreeably to the undulatory hypothesis, 
its efficacy is dependent oll the waves excited in all interve- 
ning imponderable medium. Agreeably to your electro-polar 
hypothesis, the inductive fficacy of an electrified body in an 
exhausted sphere would be due to a derangement of electric 
equilibrium, by which an opposite lectric state would be pro- 
duced at the surface of the containing sphere from that at the 
centre (26, 27). This case you consider as one of extraordi- 
nary induction; but when air is admitted into the hollow 
sphere, or when concentric spheres are interposed, you hold 
it to be a case of ordinary induction. Let us then, in tl're 
case of the luminous body, imagine that concentric spheres of 
glass are interposed, of which the surfaces are roughened by 
grinding. In consequence of the roughness thus produced, 
the rays, instead of proceeding in radii from the central ball, 
would be so refracted as to cross each other. Of the two 
instances of illumination, thus imagined, wouhl the one be 
described as ordhta~, the other as extraordinm~ radialion ? 
But if these epithets are not to be applied to radiation, where- 
fbre, under analogous circumstances, are they applicable to 
induction? Wherefore is induction, when acting through a 
plenum, to be called ordinary, and yet, when acting through 
a vacuum, to be called extraordinary? In the well-known 
case of the refi'acting power of Iceland spar, light undergoes 
an ordinary and extraordinarg¢ refraction; not an ordinat~ 
and extraordinary radiation. The candle, of which, when 
viewed through the spar, two images are se n, does not radi- 
ate ordinarilu and extraordinarily. 
51. I f  there be occasionally, as you allege (21), large inter- 
vals between the particles of radiant heat, how can the distances 
between them resemble those existing between particles acting 
at distances, which are not sensible? The repulsive reaction 
between the particles of radiant caloric, as described by you 
(21), resembles that which I have supposed to exist between 
those of electricity; but I cannot conceive of any description 
less suitable for either, than that of particles which do not,'ict 
at sensible distances. 
52. Aware that the materiality of heat, and the Newtonian 
theory, which ascribes radiation to the projection of heat or 
light-producing particles, tmve been questioned, I should not 
have appealed to a doctrine which assumes both the materi- 
ality of heat and the truth of the Newtonian theory, had not 
you led the way; but, agreeably to the doctrine and theory 
alluded to, I cannot accord with you in perceiving any 
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¢70 Dr .  Hare 's  Second Letter to Prof. Faraday.  
simil itude between the processes of  conduction and radia-  
tion (31). 
53. Consistently with the hypothesis that electricity is ma- 
terial, you have shown that an enormous quantity of  it must 
exist in metals. To  me it seems equally evident hat, agree-  
ably to the idea that heat is material, there must exist in metals 
a proport ionably  great  quantity of caloric. The  intense heat 
produced when wires are deflagrated by an electrical discharge, 
cannot otherwise be consistently accounted for. Agreeab ly  
to the same idea, every metall ic part icle in any metall ic mass 
must be surrounded by an atmosphere of  calor ic ;  since the 
changes of dimensions, consequent to variations of temperature,  
can only be explained by corresponding variations in the 
quantity of  caloric imbibed, and in the consequent density of  
the calorific atmospheres existing in the mass which under-  
goes these changes*. 
54. Such being the constitution of  expansible bodies agree- 
ably to the hypothesis in question, it seems to me that the pro-  
cess, by which caloric is propagated through them by conduc- 
tion, must be extremely different from that by which it is 
transmitted from one part  of  space to another by radiation. 
In  the one case, the calorific part ic le flies like a bul let pro-  
jected from a gun, but with an inconceivably greater velocity, 
which is not sensibly retarded by the reflecting or refracting 
influence of  intervening transparent  media : in tile other case, 
* I subjoin the language which I have held respecting the constitution 
of expansible solids, during the last twenty years. 
"Tile expansion of matter, whether solid, liquid, or ai!riform, by an in- 
crease of temperature, may be thus explained : - -  
"In proportion as the temperature within any space is raised, there will 
be more caloric in the vicinity of the particles of any mass contained in the 
space. The more caloric in the vicinity of the particles, the more of it 
will combine with them ; and in proportion to the quantity of caloric thus 
combined, will they be actuated by that reciprocally repellent power, which, 
in proportion to its intensity, regulates their distance from each other. 
"There may be some analogy between the mode in which each ponder- 
able atom is surrounded by the caloric which it attracts, and that in which 
the earth is surrounded by the atmosphere; and as in the latter case, so 
probably in the former, the density is inversely as the square of the distance. 
"At  a height at which the atmospheric pressure does not exceed a grain 
to the square inch, suppose it to be doubled, and supported at that in- 
ereased pressure by a supply of air from some remote region ; is it not 
evident hat a condensation would ensue in all the inferior strata of the 
atmosphere, until the pressure would be doubled throughout, so as to be- 
come at the terrestrial surface 30 pounds instead of the present pressure 
of 15 pounds P Yet the pressure at the point from which the change would 
be propagated would not exceed two grains per square inch. 
" In like manner, it may be presumed that the atmospheres of caloric 
are increased in quantity and density about their respective atoms, by a 
slight increase in the calorific tension of the external medium." 
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Dr.  Hare 's  Second Letter to Prof. Faraday .  471 
it must be slowly imparted from one calorif ic atmosphere 
another,  unti l  the repulsion, sustained on all sides, is in equi- 
l ibrio. I t  is in this way that I have always explained the fact 
that metals are bad radiators,  while good reflectors*. 
55. In  paragraph 25 you allege that conduction o f  heat 
differs from electrical induction, because it passes by a very 
slow process;  while induction is, in its distant influence, si- 
multaneous with its force at the place of  action. How then 
can the passage of heat by conduction be "a process precisely 
like that of radiation" (21), which resembles induction in the 
velocity with which its influence reaches objects, however 
remote ?
56. A l though (21) you appeal  to the '~,modern views re- 
specting radiat ion and conduction of  heat, in order  to i l lus- 
trate your  conception of  the contiguity of  the particles of  
bodies subjected to induction, yet (in 25) you object to the 
reference which I had made to tile same views, in order to 
show that the intensity of  e lectro-polar izat ion could not be 
inversely as the number of  the polar ized particles, interposed 
between the " induct r i c "  surfaces. Let  us then resort to the 
case above suggested, of  the influence of  the surfaces of the 
I will here quote the rationale which has been given in my lectures 
for the last twenty years :N  
"Metals appear to consist of particles o united with each other, or with 
caloric, as to leave no pores through which radiant caloric an be projeeted. 
Hence the only portion of any metallie mass which can yield up its rays 
by radiation, is the external stratum. 
" On the other hand, from its porosity, and probably fromits not retain- 
ing caloric within its pores tenaciously as an ingredient in its composition, 
charcoal opposes but little obstruction to the passage of that subtile prin- 
ciple, when in the radiant form ; and hence its particles may all be simul- 
taneously engaged in radiating any excess of this principle with which a 
feeble affinity may have caused them to be transiently united, or in receiv- 
ing the rays emitted by any heated body, to the emanations from which 
they may have been exposed. 
" We may account in like manner for the great radiating power of
earthenware and wood. 
" For the same reason that calorific rays cannot be projected from the 
interior of a metal, they cannot enter it when projected against it from 
without. On the contrary, they are repelled with such force as to be re- 
flected without any perceptible diminution of velocity. Hence the pre- 
eminence of metallic reflectors. 
" I t  would seem as if the calorific particles which are condensed between 
those of the metal, repel any other particles of their own nature which may 
radiate towards the metallic superficies, before actual contact ensues; 
otherwise, on account of mechanical imperfection, easily discernible with 
the aid of a microscope, mirrors would not be as efficacious as they are 
found to be in concentrating radiant heat. Their influence, in this respect, 
seems to result from the excellence of their general contour, and is not 
proportionably impaired by blemishes." 
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¢72 Dr. Hare's Second Letter to Prof. Faraday. 
poles of a magnet upon intervening pieces of iron wire. In 
1679, 14th series, you suggest his as an analogous case to 
that of the process of ordinary electrical induction, which we 
have under consideration. Should there be in the one case, 
a thousand pieces of wire interposed, in the second, ahundred, 
will it be pretended that the intensity of their reciprocal in- 
ductive reaction would be inversely as the number; so that 
the effect of the last-mentioned number of wires would be 
equivalent to that of the first .9 Were intervals to be created 
between tile wires, by removing from among the number first 
mentioned alternate wires, it would seem to me that the 
energy of their reciprocal influence would be diminished, not 
only as the number of them might be lessened, but also as 
they should consequently be rendered more remote. 
57. If, as you suggest, the interposition of ponderable par- 
ticles have any tendency to promote inductive influence (14), 
there must be some number of such particles by which this 
effect will be best attained. That number being interposed, 
I cannot imagine how the intensity of any electro-polarity, 
thus created in the intervening particles, can, by a diminution 
of their number, acquire a proportionable increase ; and evi- 
dently in no case can the excitement in the particles exceed 
that of the "inductric" surfaces, whence the derangement ot" 
electrical equilibrium arises. 
58. The repulsive power of electricity being admitted to be 
inversely as the squares of the distances, you correctly infer, 
that the aggregate influence of an electrified ball ]3, situated 
at the centre of a hollow sphere C, will be a constant quan- 
tity, whatever may be the diameter of C. This is perfectly 
analogous to the illuminating influence of a luminous body 
situated at the centre of a hollow sphere, which would of 
course receive the whole of the light emitted, whatever might 
be its diameter; provided that nothing should be interposed 
to intercept any portion of the rays. But in order to answer 
the objection which I have advanced, that the diminution of 
the density of a " dielectric" cannot be compensated by any 
consequent increase of inductive intensity, it must be shown, 
in the case of several similar hollow spheres, in which various 
numbers of electrified equidistant bails should exist, that the 
influence of such halls upon each other, and upon the surfaces 
of the spheres, would not be directly as the number of the 
balls, and inversely as the size of the containing spaces. 
Were gas-lights ubstituted for the balls, it must be evident 
that the intensity of the light in any one of the spheres would 
be as the number of lights which it might contain : now one 
of your illustrations (8)~ above noticed, makes light and elec- 
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Dr. Hare's Second Letter to Prof. Faraday. 473 
trical induction obey the same law as respects the inflnence 
of distance upon the respective intensifies. 
59. From these considerations, and others above stated, I
infer, that if" electrical induction were an action of particles in 
proximity, operating reciprocally with forces varying in in- 
tensity with the squares of the distances, their aggregate 
influence upon any snrl:aces, between wtfich they might be 
situated, would be proportionable to their number ; and since 
experience demonstrates that the inductive power is not di- 
minished by the reduction of the number of tile intervening 
particles, I conclude that it is independent of any energy of 
theirs, and proceeds altogether f om that electrical accumula- 
tion with which the inductive change is admitted to originate. 
60. In paragraph .ql, you say, " that  at one time there was 
a distinction between heat and cold. At present hat theory 
is done away with, and the phamomena of heat and cold are 
referred to the same class, and to different degrees of the 
same power." 
61. In reply to this I beg leave to point out, that although, 
in ordinary acceptation, cold refers to relatively low tempe- 
rature, yet we all understand that there might be that perfect 
negation of heat, or abstraction of caloric, which may be de- 
fined absolute cold. I presume that, having thus defined 
absolute cold, you would not represent it as identical with 
caloric. For my own part, this would seem as unreasonable 
as to con|bund matter with nihility. 
62. Assuming that there is only one electric fluid, there 
appears to me to be so far an analogy between caloric and 
electricity, that negative electricity conveys, in the one case, 
an idea analogous to that which cold conveys in the other. 
But if" the doctrine of Du Fay be admitted~ there are two 
kinds of electric matter, which are no more to be con- 
founded than an acid and an alkali. Let us, upon these pre- 
mises, subject o further examination yonr argument (IS'30), 
that insulation and conduction should be identified, " since 
the moment we leave in the smallest degree perfection at either 
eactremity, we invo&,e the element of ye~i/2.etiou at the olq~osile 
end." Let us suppose two remote portions of space, one re.: 
plete with pure vitreous electricity, the other with pure resin° 
otis. Let there be a series of like spaces, containing the resin- 
ous and vitreous electricities in as many different varieties of 
admixture, so th'tt in passing fi'om one of the first-mentioned 
spaces, through the series to the other, as soon as we should 
cease to be exposed to the vitreous fluid, in perfect purity, we 
should begin to be exposed minutely to the resinous ; or that, 
in passing from the purely resinous atmosphere, we should 
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~7¢ Dr. Hare's Second Letter to Prof. Faraday. 
begin to be exposed to a minute portion of the vitreous fluid; 
would this be a sufficient reason for confounding the two 
fluids, and treating the ph0enomena to which they give rise as 
the effect of one only ? 
63. But the discussion into which your illustrations have 
led me refers to things, whereas conduction ~md insulation, as 
I understand them, are opposite and incompatible properties; 
so that, inasmuch as either prevails, the other must be coun- 
teracted. Conduction conveys to my mind the idea of per- 
meability to the electric fluid, insulation that of imflermeabilitg; 
and I am unable to understand how these irreconcilable pro- 
perties can be produced by a difference of degree in any one 
property of electrics and conductors. 
6¢. if, as you infer, glass have, comparatively with metals, 
an almost infinitely minute degree of the conducting power, 
is it this power which enables it to prevent conduction, or, in 
other words, to insulate? Let it be granted that you have 
correctly supposed conduction to comprise both induction and 
discharge, the one following the other in perfect conductors 
within an inexpressibly brief interval : insulation does not pre- 
vent indtmtion, but, so far as it goes, prevents discharge. In
practice, this part of the process of conduction does not take 
place through glass during any time ordinarily allotted to our 
experiments, however correct you may have been i supposing 
it to have ensued befbre the expiration of a year or more, in 
the case of the tubes which you had sealed after charging 
them. But conceding it to have been thus proved, that glass 
has, comparatively with metals, an infinitely small degree of 
the conducting power, is it this minute degree of conducting 
power which enables it to prevent conduction, or, in other 
words, to insulate? 
65. Induction arises from one or more properties of elec- 
tricity, insulation from a property of ponderable matter ; and 
although there be no matter capable of preventing induction, 
as well as discharge, were there such a matter, would that 
annihilate insulation? On the contrary, would it not exhibit 
the property in the highest perfection ? 
66. As respects the residual charge of a battery, is it not 
evident hat any electrical change which affects the surface of 
the glass, must produce a corresponding effect upon the stra- 
tum of air in contact with tile coating of the glass? If we 
place one coating between two panes, will it not enable us, to 
a certain extent, to charge or discharge both? Substituting 
the air for one of them, will it not in some measure be liable 
to an affection similar to that o~" the vitreous urface, for which 
it is substituted ? In  the well-known process of th0 conden~ 
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sing electrometer, the plate of air interposed between the discs 
is, I believe, universally admitted to perform the part of an 
electric, and to be quivalent in its properties to the glass in 
a coated pane. 
67. When I adverted to a gradual relinquishment of elec- 
tricity by the air to the glass, I did not mean to suggest that 
it was attended by any more delay than the case actually de- 
monstrates. It might be slow or gradual, compared with the 
velocity of an electric discharge, and yet be extremely quick 
comparatively with any velocity ever produced in ponderable 
matter. That the return should be slow when no coating 
was employed, and yet quick when it was employed, as stated 
by you ($8), is precisely what I should have expected, because 
the coating only operates to remove all obstruction to the 
electric equilibrium. The quantity or intensity of the excite- 
ment is dependent altogether upon the electrified surfaces of 
the air and the glass. You have cited (1632) the property of 
a charged Leyden jar, as usually, accoutred, of electrifying a
carrier ball. This I think sanctions the existence of a power 
to electrify, by convection, the surrounding air to a greater or 
less depth; since it must be evident that every a~rial particle 
must be competent to perform the part of the carrier ball. 
68. Agreeably to the Franklinian doctrine, the electricity 
directly accumulated upon one side of a pane repels that upon 
the other side. You admit that this would take place were a 
vacuum to intervene; but when ponderable matter is inter- 
posed you conceive ach particle to act as does the body B, 
when situated as described between A and C (4). But agree- 
ably to the view which I have taken, and what I understand 
to be your own exposition of the case, B is altogether passive, 
so that it cannot help, if it does not impede, the repulsive 
influence. Moreover, it must be quite evident, that were B 
removed, and A approximated to C, without attaining the 
striking distance, the effect upon C, and the consequent energy 
of any discharge upon it from A, would be greater instead of 
less. If, in the charge of a coated pane, the intermediate 
ponderable vitreous particles have any tendency to enhance 
the charge, how happens it that, tlle power of the machine 
employed being the same, the intensity of the charge which 
can be given to an electric is greater in proportion to its 
tenuity ?
69. In reference to the direction of any discharge, it appears 
to me that as, in chargiug, tile fluid must always pass from the 
cathode to the anode, so in reversing the process it must pur- 
sue the opposite course of going from the anode back to the 
cathode. Evidently the circumvolutions of the circuit are as 
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nuimportant as respects a correct idea of the direction, as 
their length has been shown by Wheatstone to be incompe- 
tent to produce any perceptible delay. 
70. The dissipation of conductors being one of the most 
proutinent among electrical ph~enomena, it appears to me to 
be ~in objection to your theory, if, while it fails to suggest any 
process by which this ph~enomenon is produced, it assumes 
premises which seem to be incompatible with the generation 
of any explosive power. I f  discharge only involves the resto- 
ration of polarized ponderable particles to their natural state, 
the potency of the discharge must be proportionable to the 
intensity of the antecedent polarity; yet it is through con- 
ductors liable, as you allege, to polarization of comparatively 
low intensity (31) that discharge takes place with the highest 
degree of explosive violence. 
71. Having inquired how your allegation could be true, 
that discharge brings bodies to their natural state, and yet 
causes conductors to be dissipated, you reply (34.), that dif- 
ferent ef[~cts may result from the same cause, acting with 
dit/hreut degrees of intensity, as when by one degree of heat 
ice is converted into water', by another into steam. But it 
may be urged, that although, ira the case thus cited, dif[hrent 
efi~cts are produced, yet that the one is not inconsistent with 
the other, as were those ascribed to electrical discharges. It 
is quite consistent that the protoxide of hydrogen, whicb, per 
se, constitutes the solid called ice, should, by one degree of 
calorific repulsion, have the cohesion of its particles, so far 
counteracted as to be productive of fusion; and yet that a 
higher degree of the same power should cause them to recede 
from each other, so as to exist ira the a~ritbrm state. 
72. In order to [bund, upon the influence of various tempe- 
ratures, a good objection to my argument, it should be shown 
that while a certain reduction of temperature enables aqueous 
particles to iudulge their innate propensity to consolidation, 
a still further reduction will cause them, in direct opposition 
to that propensity, to repel each other so as to form steam. 
73. In your concluding paragraph you allege, "that ~'he~z 
ponderable Tarticles iTdervene, dztriTtg the process of dgnamic 
induction, the cm'rents resultin3 o" fi.om this source do require 
thesetoarticles." I presume this al!egation is to be explained 
by the conjecture made by you (17~29), that since certain 
bodies, when interposed, did not interfere with dynamic in- 
duction, theretbre they might be infhrred to cooperate in the 
transmission of that species of inductive influence. But if the 
induction takes place without the ponderable matter, is it right 
to assume that this matter aids, because it does not prevent 
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the effect ? Might it not be as reasonably inferred, in the case 
of light, that, although its transmission does not require the 
interposition of a pane of glass, yet, that when such a pane is 
interposed, since the light is not intercepted, there is reason 
to suppose an ctive cooperation of the vitreous particles in 
aid of the radiation ? It may be expedient here to advert o 
the fact, that Prof. Henry has found a metallic plate o inter- 
fere with the dynamic induction of one flat helix upon another. 
I have myself been witness of this result. 
74. Does not magnetic or electro-dynamic induction take 
plane as well in vacuo as in pleno? Has the presence of any 
gas been ibund to promote or retard that species of reaction ?
It appears that, agreeably to your experiments, ponderable 
bodies, when made to intervene, did not enhance the influence 
in question, while in some of those performed by Henry it 
was intercepted by them. Does it not follow that ponderable 
particles may impede, but cannot assist in this process ?
75. I am happy to find that, among the opinions which I 
expressed in my letter to you,  although there are several in 
whieh you do not concur, there are some which you esteem 
of importance, though you do not consider yourself justified 
in extending to them your sanction, being constrained, in the 
present state of human knowledge, to hold your judgment in 
suspense. For the present I shall here take l ave of this sub- 
jeet, having already so extended my letter as to occupy too 
mneh of your valuable time. I am aware that as yet I have 
not sufficiently studied many of the intricate results of your 
sagacity, ingenuity and consummate skill in experimental in- 
vestigations. When I shall have time to make them the sub- 
jeer of the careful consideration which they merit, 1 may ven- 
ture to subject your patience to some further trials. 
Philadelphia, Jan. l, 184l. 
LXXV.  On the t'rinciples of the Application qf Analysis to the 
Motion of Fhdds. B 9 the Rev. J. CHALLIS, M.A., Plumian 
Professor of dstronom 9 and F~xperimental Philosoph~ in the 
University qf Cambridge ~. 
F OR the sake of simplicity, the fol}owing remarks will be restricted to the motion of an incompressible fluid: 
they may without difficulty be extended to fluid motion in 
general. 
It is well known that one of the fundamental equations of 
fluid motion is obtained on the principle that the mass of each 
small element remaius the same while its position and fi~rm 
* Communicated by the Author. 
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